GROUNDWATER FOR GEELONG:

FURTHER MODELLING OF TEE GERANGAMBTE WELLFTELD




FURTEER MODELLTNG OF 140 CEAANGAMETS VELLFLLD




Appx.ndlx 2 Computer prog:ram for w-ellfleld &D

“Fi'g,- T Altematlve 'bore locatlons f.‘or the

rmgamete Wellfleld




| Infroducfiong..,lf

, . lﬂyn.
~This, report 1s in: reeponse to a regu‘”“fi} the Geelong Waterworks

‘and Sewerage Truet for further drawdown compdtations on the wellfield
layout deelgned for the Barwon Downs Sub—basrn. The possrble bore
locatlone in the wellfleld dlffer ellghtly from‘,hoee glven in the
orlg1nal deelgn (Blake, 1978)_and were optlmlzed for the purpose of

plpelrne de81gn.; The ‘bore posrtlone are shown plctted on Flg 1 and
fcr reference eee GHW & SP plan Nb 23028

In the crlgznal wellfleld deelgn 1t was recommended that a further

two or three productlon bores could be drrlled in. addrtlon o GW1

and GWD The new wells ehould be located 1n the vrcrnlty of GW2

at. approxlmately one kllometre epaclngs fror GW? and rt was recommended
that each bore could” ce pumped at. ratee of up o' 92 6 1 see” (8 Mm dey“1)
This would achleve an annual yleld of 11 680 M& for a fleld of four ‘bores

[ (lncludlng Gl and GWQ) cr an annual yleld of 14 600 Ml for a fleld of
‘o ’ flve bores.i o L ‘ ‘

The present eetlmate of naturalirecbarge and flom through the Sub—basrn

was calculated at approx1mately SJOO M- year (Blake, 1974) On ‘the
basrs of thls es tlmate the Department of Mlner
approval for extractlon from the Barwon Downs

Ml year T 1n any one year but not to .xceed 80
ten years.,

als and Energy has glven
Sub—baeln of up to 12 500

000 Ml over a perlod of -
Tt was con51dered thptv he llcensedfor extractloe could be
revzsed on the ba31e of several years operatloq of the fleld

for. rev1ew1nc the llcensed extractlon would be a study of the e

poeelble 1nduced recharge 1n the 1ntake areas follow1ng develop

o

'I'he basm
ffecte of
medt

In a report to the Truat,by the Trust's consultante (A G. C., 1978) a
rev;sed eetlmate of recharge and yleld was made in which i
that the basrn could yleld 23 OOO Nﬂ year j follow1ng deve
than the presently estlmated 8000 Ml yeax . ot

t was suggested
lopment rather
;f On the bes:.s of this hlg,her
k eetlmate 1t was recommended by the consultant that a further five boree
- could be drilled (in a.ddltlon to. the existing GV and @2) and tha.t '

each productlon bore could be pumped at 110 1 sec” (9 5 Ml day ) for
e total annual yleld of 23 000 ML,

It was also recommended by the
consultant that the field could be developed in two stages, the flrst

stage to comprlse a total ‘of four bores and the second stage a total of_
seven bores. o 3 - P




Drawdown Caléulations

On the basig of the consultants  recommendations the Trust has requested -

the Department of Minerals and Energy to. make further drawdown calculatlons
on a wellfleld compr131ng elther four,

six or seven bores 2ll pumping at
110 1 sec” (9 5 M day—1) The exact conditions %o be modelled are
contained in a letter from the Prust -to the Director of the Geologlcal
Survey reprodlced here in Apnendlx 1.

- The condltlona can be summarized
as follows (for bore lonatlons refer Flg 1)

i) Operatlng bores GW1, G2, GWB, Gw4, Gws, GW8 and GW11 at
. ’ o 110 1 sec™ for a) one year and b) o years, I

S

o

i) - s for 1) but;WithiGW3;6mi£ted;”

iii) ~Operat1ng bores GW1 GW2 GW4 and GWS at 110 1 sec -
. : a) one year and b) two ye_rs.

1.fbr

: ‘ iv) The cana01ty from the bores 1lsted in 111) but with drawdowns

increased to be w1th1n the ralues gbtalned for - 11)

It was requested- that recharge be taken lnto account but the amount of
recharge to be assumed was. qot ‘specified,

Becausn the ‘drawdown” for
each bore in the wellfleld ig depeqdent on the rate ‘of *echarge in the
intake arvea, a recharge rate had uﬂ be assumad for each case modelled,
Two conditions were assumed} ’

i) Rats of total rechurge (nabural and 1nduced) equal to the
© . total extractlon rate from the field - (up to a total of
24 280 ML year. )
ii) Rate of total recharge equal to only the presently eatlmatnd

P ‘ natural flow-through the basin (1,e. 8000 M1 year ).




et T -
R e
s I e,
" - i ho-d '

.
e T ke,
e

S -
~ e
1
L

wt
[

..Lh.ﬂ.[«nﬁh-n S ‘.(.,a
: I —,

H

.
i
i
i
§
H
{

e
T,
<o

oy

T




'Ccmputer Prcgram for Wéllfleld Deszgn

The wellfleld calculatlcns were carrled out on'a desk top compater
uszng a proglam wrltten specmflcally for the Barwon Do
(Blake, 1978)
Appendlx_2

"ANS p“oaect
~A£ descrlptlon of the program 1s 1ncluded here. in.
An 1mportant feature cf the program is that both

recharge and dlscharge boundarles can be allowed for by - lmage well
theory.

The same hydrogeologlcal condltlons as assumed 1n the
1978 report. were modelled (1 e.

the Bambra Fault dlscharge boundary
‘and the Barcngarcck Intake area recharge boundary) The‘“ate of

recharge allowed fcr can be'var;ed 81mply by changing the recharge
' rate of 1nd1v1dual recharge

wells cn the recharge bourdary The

- basic 1qput and requlred parameters for each of the wellfleld Tuns
 inclnde *he Pollcw1ng

o A i)‘“ : ‘Transmleelv1ty,’ 510 m day ; and
S Storage. Coefxlclent 5= 5% 10 -4

ii) Radlus of pumplng bcres, R = O 1m (at the screens)
L N n""‘we11 loss coefficient, © = 3 21 x 1077 ™ daJ
A iii) Coordlnates (1n metres) of all bores (1nclu&lng recharge
- 1mage wells and dlscharge iGage wells) - These wera
obtalned by scallng from p‘an Nc. 23028’and‘are correct
o ¥ 50 m, ‘ o
‘ Wbllches

The program calculates WE;l loss from the functlon CQ where
O = Well loss coeff1c1ent in n 5 day2

"Véha4:Q = Discharge in ] déyhi

7The reaults of the wellfleld calcalatloﬁs are tabn7ated as tctal draw- ‘
i  . BT down in- each numplng bore "in metrea and the results include a value for

1we11 loes. .'r,‘E-mg,,j




mo calca‘ate ‘the drawdown in each bore dua o only the aqulfer and

-.'CQQ,.«

‘to 1nterference from other wells subtract the well 1oss functlon

The Va¢ue“‘f the well‘ oss coeiflclent 1nput to eacH well field run

‘was the value estlm ted by the Trust's c01su1tant on the ba31s of a
‘larger dlameter trén*1L331on ca51ng bnlng used for the new ‘production )
Kﬂore».‘ In order to correct the total drawdowno 1n GW1 and GW2 for

-‘fthe actual well loss COEfIlClenTS Iather tnan th= estlmated value

?othe followzng well loss coefflclents are appllcable.

g%;f
.y :
1
a
i

, | 1, 54 x TO 7
4 .éw2?:~ o= 5 0x 10 7 5 day

=

For example the follow1ng calculatlon corrects the drawdown in GWE

in Table' 3 after pumplng for one Year' to allod for the observed dell

'loss,ooefflclent rather tnan the assumed well. oss coe?flclent

‘ hrawdowh‘

102, 6 - (3 21, x 10 7 X 9,94 ) + (5 % 10 7 X 9504 )

= /llgs:n ‘ :

Tt snould be noted that the unlts ;or
1.

pumplng rate Q, are in m?‘day_1
not 1 sec .

i Results

Tables 1 to 7 preoent the resultg of the &rawdown calculatlons tabulated
as total drawdown in metres for each Yore for each of the’ condltlons 1)
to iv) requested. Tables 1, 2, 3 and € present the results with the
‘assumotlon that total recharge (1 e natural and 1nduced) is equal to
ﬁﬁe extractlon .rate, "Tables 4, 5 and 7 summarlze the results: for

'_condltlons i), iii) and iv) with the assumption that total recharge
is equal to 8000 M1 year ol ‘




‘l‘able 1.

"'Seven pumnlng borus at 110 1 sec

~ per bore with recharge
assumed equal to the extractlon rate (1 e. 24 280 Ml/year)

;fTablé‘E;

Slx pamplng bores at 110 1 sec ol

5

/ per bore Wlth “echarge
assumnd equal to the extractlon rate (1 e. 20 814 Mﬂ/&ear)

Yoars | oWl | G2 | | G5 LGS G
1. 129.4-1 124,35 118.0 124.8 ;127’?2” ’114‘.‘], ‘
20| 135.8. ] 130.6 7| 124.2 |.131.1 2133, 5 120.3
: 3 | 139.5 113402 | 127.8° ,.134‘.‘7, 137 1.]125. 9
RS V o Tablg'B;fz Fbur pumnlng bores at 110 1 sec r bore wlth recharge
assumed equal to tne éxt*actlon rate (1 e. 13 870 MLAyear)
Years [ odl __Jo@  TGil Ecmi
T 107.47] 102.6 | 99.0 [101.0 .
2 11,6 | 106.7 ° 103.2 | 105.1
'3 114.9 }109.2 105.6 ¢ 107.6'
Table 4. Seven pumpiﬁg bores at 110 1 see per bo*e but w1th total
rec&arge assumed equal to. 8000 M&/&ear
Years | Gl T W3l GWa | G5 S NEGE
1 155.4 1155.2 1 150.4 | 149.5 | 156.4 [ 157.1 | 145.3
2 167.4 | 167.1 | 152.2 j 161.4 | 168,35 {165.0 | 157.1
159.1 ’,168.3 E V

R




Ebur pumplng bores at 110 1 sec j per bore but w1th
‘ total recharge assumed equal to 8000 Ml/&ear

‘Table 6, . ; Fbur pumpln bores pumnlng at dlfxerent rates for one year

h recharge assumed equal to the ettractlon rate ln each
case

1 sec GWfiw4 ‘GW§f”f fGWﬁ ;L‘_Gw35 i Annual Recharge (M&)

: |20 {420.0 ] .114.8 | 11009 | 115.0 RRINRET RIS
‘ s 126 5;‘[121;19:?117 0 g119'2?";}[ ©15.768

AR R EFS R A 5%7;1L3 21 125.6 | 167399
' 1140 8.7 | 14006 | 136,171 138, 6a~§fh 7660

Table 7." ﬂbur pump:l.nc bores pumpln? at dlfferent rates fo“ one year‘
but W1th total recnarge assumnd equal to 8000 Ml/&ear in
each case ,w‘jﬂ‘  PSR K‘f ~ R )

Lsec  f@it [ a2 o4 a5 S

110 {113.2 | 109.7 | 106.4 ‘103.1~’ ; B \ L \
120 fizrs | iesg [ 1203 (a2l *
141.7 '




L;; 1n&ueed recharge are poss1ble.

Bach condltlon modelled ‘was run for three yea_s rather than the
two years reqaested to demonstrate the Iact that equlllbrlum Wlll
not be achlexed even at the hlgher rates of assumed recharge.
The effects of redu01ng the assumed recharge can.be seen bj comparlng
Table 1 and Table 4. The “esulms ‘show for examnle, that drawdowns
are an average oI 20 m greater 1n each pumplng bore for reduoed
recharge after one years pumpln& for a wellfleld comprlslng seven
pro&uctlon bores. Slmllarly, comparlns Tables 3 and 5 the drawdowns
are. o1 average 7 n greater ln each pump:.nD bore wlth reduced recharge
in a wellfleld of four productlon bores after one years pumplng

Table 6 p“esents “the re*ults of several wellfleld runs to test for
the effect of varylng capacltles for condltlon 1v) The results,
indicate that the 1nd1v1dual pumplng rates could be 1ncreased to
approulmately 125 1 sec -1 for’ the bOfES llsted ln oondltlon 111)

to achieve the drawdowns within the valwes obtamned fo* coudltlon
ii), Exemination of Table ? on the other hand suggests rates could
only be increased to 120 l sec’ -1 to achleve the same result 1f the
lower recharge rate msAassumed.

Finally in oraer\to calculafq the actual drawdown below ground level
in each bore an ave*age value of + 160 m A. H.D. ‘for the reduced level

of the potentlomenrlc surface over the area of the wellfleld can be
assuned, s

Conclusion

‘The ultlmate development potentlal of %he Barwon Downs ‘Sub-bagin 1e
dependent upon the amount of: natural recharge’ and the emoant of recharge
- which can be induced fOllOWlng development ‘of “the basin, Inltlally
“there will also be an addltlonal contrlbutlon from storage until the
basgin achleves & new equilibrium, The consultant to the Trust suggests
that up to 15 000 M peyr year- of recharge can. be - 1nduced by development
of the Gers ngamete wellfleld Some cautlou is requlred however in
suggestlng such larée amounts ‘of 1nduced recharge because experlence

1n similar oasmns elsewhere in. Vlctorla suggests much Jlower 1ates of




" and area to the Berwon Downs Sub—bas1n and srmllarly fault bc;nded

The westernpoxt Basln to th° east of Melbourne 1s srmrlar in 51 e

The depth to the aqulfer is less but the thlckness of total aquifer
is srmllar.  Average. yearly extractlon from the Westernport Basrn

\‘1s 11 000 M from approxrmately 260 1rr1gat10n bores and 12& stock

and domestlc‘ ores, This relatrvely small amount. of extracflon has

‘1nduced sallne water lnto the aqulfer both from seawater 1ntru51on

and onshorc sources by a process of gradlent reversals and a situation

of overdevelopmeﬁt is. consrdered to ex1st (Lahey, 1980) A similar

‘sltuailon of overdevelopmeut ex1sts 1n the Latrobe Valley Sub—baszn.‘

The . magor source of groundwater extractlon 1s dewaterlng of the ‘. “\

;Morwell open cut mlne.. Tbtal exuractlon 1s ourrently'BO 000 ML

per year and a’ 51tuatlon of overdevelopment is occurrlng The conef'

of depressron extends to at 1eest 56 km to the east Wnere water
levels are currently dropplng au a rate of 1 1 m cer year. At
Traralgon 15 km to the e_st water levels are dropplnu at a rate

of 2.9 m per year (qeld pers comm.)‘ Th=se rapld falls 1r water

level are ocourrlnb 1nsprue‘of; ,demonstrable recharge effeut from

the Baragwanatn Antlcllne to uhe south o? Rosedale ani Sale Whlch

© is z major intaxe area.‘ Although not es well documeuted even wnen

extractlon rares ‘were half those'of the presnnt ratas ten J1ars ago,

it was cons1dered that extractlon wag exceedlng reoharge and tnat

,4much of the wauerfwae berng nroduced from storage.! rne Latrobe Valley

Sub—bas1n is 1arger 1n 31ze but srmllar 1n structural development (i.e.
fault bounded) o’ bhe Ba.won Do.-ms Sub—baﬂn.ffj'zn

The flnal safe Jlelu from the Barwou Downs Sub-ba51n Shodld be determlned
from a study of 1ntake iu tne Barongarook area. Although equilibrium
may not be achleved for some tlme in the deeper parts ‘of the basin a

naw equlllbrlum should be establlshed in the 1nuaLe area relatlve1y

qulokly and sho;ld ‘be observed ln.monltorlng bores recently establlshed

- in the area, A study of baseflovs from streams whlch draln the intake

area, partlcularly the Boundary Cree&, should ~also help to quantlfy the

"amount of posswble 1nduced recharge vhlch can be drverted from present

surface runoff to groundwater.' The orlgmnal wellfleld de31gn of four

‘M‘




to f:n.ve bores all pumpmo a.t 8.0 M1 day is capable oi‘ producmg

11 680 ML per yea:r frcm four bores or 14 600 ML pex yee:c from f:Lve
‘~L'bores. It mdlw.dual pumpmg :r:ates a,re mcreased o 9 5 Ml day ol
the y:.eld from four ‘bores is 13 870 Ml per yea.r and. from flve bores
is 17 338 ‘11 per yea.r. Although as- yet there lE no. da.ta upon which
':-‘to prec:lsely estlma.'te 'the amount of J.nduced recharge .11‘. is unl:.kely
that the yleld :E‘rom 'l:hc bas:t_n w:Lll :mcraa.se 300 percen’t (.from 8000
to 23 OOO M per year) j ‘
.‘ ~=>O—-1OO per cent ".Dhe' orlg:.na.l wellf:.eld des:Lgn sqould therei‘ore be
ca.pa.ble of produc:.ng all 'the ava_'l.lable water fro:n 'the Barwon Downs
‘Sub—basn_n unleas othnr, a:l: preaen{: um.dentlfled sources oi' recharge
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Appemdix 1.

 ““Request for further modelling.




S Geelong Watarworks & Sewerage Trust . 6167 Flyne Stmt.

JRI/AK

October 21 1980

W‘The Drrector of Geologrcal Survey,*
Department of: Minerals and Ener
107 Russell. Street,
MELBOURNE VIC :

Gealong. P.0, Box 658, Gealong, Vic. 3220 « Telephone 26 2500

3000

,(i

4.

-Attention_Mr.yR;zBlakeﬁ

iDetalls of the Trust’
‘ Downs “Groundwater - PrOJect we
. 8,.1980° (reE'VGNSE/AK) z

1.
"é.i‘ 'hAs for (1) but w1th GVS omltted "(‘
3.

LR Jackson,' .
Senror Englneer,

,complete Stage 1 of the Barwon
re forwarded to. the Department on. October

'S resolutlon 1o

The exlstan'bores GWl ‘and; GWZ the proposed bores GW4 and GWS together

, - 'with p1pe11ne ‘and - treatment plant proposals are shown on plan 23028
. »ﬂ‘.aﬁfwhlch is: enclosed~

. ~ g‘Dependlng on al rev1sed«assessment of .recharge and yleld after operatlng
Y B Stage 1 for-a numbet of’ ‘years, i
o - further three: productlon bores,’
© .. by Australian Groundwater 'onsultants,PJ
At . accordance with discussions’ etween’ Mr
" - 7. Bl&ke on.October. 20, °1980, “the' depth-o
for submersible pumps ”based‘on:current

'recharge behaviour, must’ allow for.the drawdown effects from operatlon
of up to seven bores. : ;. ) y

‘would' bé desirable to. install a -
ccordane with the recommendatlons L
Ltd.  (December. 1978) . ’
ackson- of‘the Trust and Mr:,
ump. well ‘and’ specrflcatlons
‘predictions ‘of 'storage and

It would therefore ‘be’ apprec1ated"1fﬁdrawdown'computatlons for the

proposed bore layout- could be carrled out- by your Department for the
-follow1ng condltlons‘ - :

' Operatlng bOTeS‘GWI GWZ GW3," GW4 GhS GWS and GWll at 110 L/secw,i
:ffor (a) 1 year and (b) 2‘year5'

«Operatlng bores GWl fGWZ

'Gw4 and Gws at 110 L/_sec:‘ for @1 year -
,and (b) years : ; S ' ,

The tapac1ty from the bores llsted in (3) but w1th drawdownsl
~1ncreased to be w1th1n the values obtalned for (2)

{The assumed statlc water level at’ each bore is also requ1red 1n order
‘to obtaln depths below ground level at each bore.

5 Yours falthfully,m«_w .f




-1




:‘ downs d.ue to recharge J.ma.ge wells mus% be' subtracted ra.'bher tha.n )
'added o me tota.l drawdown ahd* ‘l:hlS was ?fa.nowed for in’ the program. ‘

" The tlme wha.ch 11: is requa_red to‘\pump the well f‘leld can also be va.r:.ed
:|. e. 'the program does no'b re'bu:m to the star% when a well flE!J.d ca.lcula‘b:.on ,
':Ls comple'ted bu'b J.nstead all‘)ws 'the *"a,ryne well fleld conflguratlon to be

umpﬂd a‘b the sama\ :r:ate 'but for a rilfferent tlme.‘ )







